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THE ESTIMATION OF CONBTRUCTION JOBS

The questions most frequently asked of the construction estimator are how
long it will take to build an installation, how much 1t will cost, and how
soon he can answer these guestions. The answering requires some kind of
estimative procees, which wsy vary from what seems & mere {ntuitive guess to
a time-consuming analysis of extensive data by complex methods. Among the
more important determinants of the process are the guslifications of the
estimator, the svailability of data, snd the methodology employed.

The process &s carried out for intelligence purposes is generally similer
to that used by the construction industry itself. In the construction industry,
however, estimates are made primarily to determine the best and most econonieal
way to do the job, whereas intelligence wants to know the actual cost and the

time required. given the materials and construction methods in fact used. This

-distinet approach sets the intelligence process a&part from that common in pre-

bid estimating for construction projects. Mcreover, the paucity of data evail-
able to intelligence usually precludes detsiled mnalysis and requires & large
measure of extrapolation enc approximstion.

'Especially in intelligence, therefore, ihe validity of an estimate depends
in large part on the estimator's practical experience and meturity of Judgment.
He should be thoroughly familimr with all aspects of the vwork involved ip the
project at hand. There is no substitute for the know-how imparted ty lomg and
varied experience on field construction jobs, and the estimate prepared in the
office must reflect this field experience. Ideally, in view of the considersble

differences in construction technology in different countries, the intelligence
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estimator should have obtained some of his fileld éxperience in the couvntry in
question. BSince this is seldom possible, he must consciously adapt his experience
to th§ building methods prevailing there and minimize the use of direct analogy
with U.8, practice.

On construction projects in the USSR the best single source of tasic working
date 1s found in the Soviet Norm Books for Congtruction, which list 1lsbor and
equlpment Qequirements and the cost for such units of work s excavating s
cubic meter of earth or rock, plecing a cuble meter of concrete, and erecting a
ton of steel. Composite cost and time reguirements for constructing various
types of residential industrial and public buildings per: square meter of floor
area are also given. Architectural Jjournals furnish a grest deal of helpful
information on building construction: similerly transportation publicetionse in
the field of railroed, highwey. end waterway construction and maintenence.
Boviet handbooks give specifications for construction machinery and eguipment
and for building meterisls, and construction journsle end newspapers place
these epecifications in practical context for the experienced construction
estimator by discussing difficulties in the actual performance of equipment and
materials on the Jjob. Newspaper accounts of operstions on current projectsg shed
light on specific problems and how they are overcome.

Much of the date needed with respect to particulsr Soviet projects is derived
from cleasified documents and publications which range from defector reports to
the Natiomsl Intelligence Survey. The latter gives geologle, meteorologic, and
terrain informetion which can be of great value in determining the rate of pro-
gress to be expected in the work. Bometimes e refugee who had worked on the Job

can supply detsils about dimensions meteriels used, methods of placement or
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erection, problems encountered, numbers and typee of employees, and other
things.

So much for the estimator's gqualifications and his sources of imformation.
His methodology can best be illustrated in a hypothetical case history.

Men at Work on Missile Complex

The following report of information might be received from e defector:

1. A military instellation which employed very high security measures was
under construction in an isolated, forested area northeast of Murashl, RSFBR,
in July 1961. The personnel of the construction bettelion were pot told the
purpose of the project but there was speculation that it was to be an inter-
contimental missile complex. Informant heard from other construction workers
that many anti-aircraft rocket sites had also been built earound this area
though he 418 not see any of them.

2, fTnis military instsllation, which was spread over & very large area,
was gsographically isoleted from all activities end since the entire region
wvas heavily forested e large amount of clearing was necessary. A rail spur
had been built from the town of Murashi about 20 kilometers to the southwest.
Near the end of the railroad spur a road had been built which ran parsallel to
the spur for a ¢onslderable distance and terminated in & large loop. &1l trans-
port in the complex was by trucks.

3. There were four separate areas within the complex loceted atrout 8 o
apart end connected to each other by roads. All four areas were similar in
size and shape although ea¢h was in a different phase of construction. Bach
ares covered about 35 hectares (approximately S0 ecres) of land, and each con~

tained two large flat graded areas approximately 350 meters apart, which were
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parallel to esch other, All of the graded areas were to be covered with e thiek
layer of reinforeed concrete. At each of the locations 2 road connected the
conereted platforms and an sccess road ran between and roughly parallel toc them.
Housing faecilitles had been constructed a short distance east of the rail spur
terminue in an area central to all four sltes.

L, Constructicn at the sites proceeded in stages or phases. One crew
finished & phase at a gite and moved on to another site to perform the same
work. Mesnwhile mnother crew moved into the first site to perform the next
phase. By the end of July sll the excavation work for the four sites hed been
virtually completed and it wes rumcred thet these workers and their equipnent
would be moved t¢ another complex of the same type to do the same kind of work.

5, V¥ith the exception of site A, informant did not know what degree pi&tférm
conereting had progressed. He learned from fellow workers that at site A, which
was in the most advenced stage of construction, the platforms had been concreted
over, several buildings had been constructed, one of which was estride the access
road, and & double barbed-wire fence had been erected. Only a few construction
workers were left at site A snd other personnel had already arrived to install
equipment.

The problem is to deterwine how long it would teke to build the four lsunch
sites and how much it would cost. For purposes of asimplification it has teen
agsumed that & detailed estimate has already reen made of the prototype lmunch
area at the Soviet milssile test range which seems to conform with the descrip-
tion of site A, Also it has been mssumed that estimates of previocusly known

deployed launch sites whieh likewise fit the description of site A have been
-6m
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made. Singe site A 1s in the most advanced stage of eomstruction and shows the
greatest detail of the four, the time sequence and breakdown of operations with
respect to 1t will be studied first, and then the times and finally the costs
can be extrapolated to cover the other three,

The Time Egtimate

The first step is to divide the construction operation into its mJjor come
ponents, For purposes of illustration a somewhat simplified listing distinguishes
the building of access ana intra-site roads, clearing end grubbing the land,
excavation and dreinage, building construetion, launch pad construction, beekfill
and embankment, and finish grading. To these mey be added, as making the site
operational, e non-constructicn activity, installation and checkout of equipnent.
In each of these mejor comporents the estimator then sets about carrying out the
vwork on paper, teking into eaccount the informamtion given in the Myrashi report,
what may be known about the test range prototype and deployment sites of similar
configupetion, and all other available data. This 1s the critical phase of the
estimating procedure because the velidity of extrapclations to the other three
sites and subsequent cost esgtimates depend on m correct recomstruction of the
sequence of operations st Site A. It is here that the estimstor must Araw upon
all of his past experience to make the practical Judgments called for snd adlust
standard construction dsts to suit the rarticular circumstances.

Access romds are considered first becausge they are Prerequisite to getting

work started at the sites. Clearing starts at the same time,. because the road

right-of-way has to be clemred of trees and debris shead of greding operations.
The romde are rough~graded to carry equipment and supplies for starting work at
the launch pad areas, amd then the final grading, comstruction of culverts, and

putting down of gravel sub-base is done. Paving 1s not usually begun until
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grading has started. The nev pavement is thus less liable to damage from heavy
loads of materials, heavy construction eguipment, and cuts for utility lines.

Clearing and prubbhing, starting st the beginning of the Job, should be con-

pleted at the first site in four months. It can Ve done more rapidly than this
or spreed over the full pericd, using & smsller crew and less eguipment, with-

out noticeably affecting its toteal cost. It ghould be completed for the entire
project ty the end of the fourteenth month, when excavetion at Gite D 1is about

half done.

Earth moving snd drainage is & part of all the construction operations (not

including installationsand checkout ). That for sccess rosds, however, is in-
cluded in the roads estimate. The time required to do the remaining excavation
15 estimated on the basis of the area Yo be worked end the amount of earth to
be moved per hectare. Each site covers abtout 35 hectares. From a study of
terrain maps of the locelity and from knowledge of grading requirements on nther
sites of this type it can be estimated that the earth moving averages 3,500
cubic meters per hectare, for a total of nearly 125,000 cubic meters at each
site. It appears to have proceeded on & normel echedule, having probably teen
gtarted about one month after the access roade and clearing and grubbing were
begun and completed for Site A at the end of the seventh month to fit in with
the building construction schedule.

Building construction. A comparison ghowa that the buildings are of similar

size and construction to those at the test range prototypé, and the estimates
mede for these can therefore be used. They inelude two missile tuildings, &
bunker, and small aneillary buildings. The three types are figures separately

in hoth time and cost estimates although built concurrently et each site. They

-8-
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are hégun as soon 88 the first exeavation hes teen done, eatimated at the end
of the second month at Site A.

The lsunch pads are begun at the same time. The estimated time required to
complete them is six months. The pads and ancillary buildings at the test
range took eonsidersbly longer, but only because of the axperimentation and
changes characteristic of an R&D project.

Backfill end empankment begin as scon as the structures rise sbove finished

grade elevations and the utility service lipes are in place. It continues well
teyond completion of the buildings snd lmunch pads beecsuse many areas must tTe
back{illed after the structures are completed and sxcess materials smnd débris
removed.

Finish grading consists of replascing topsoil. fine-greding, and sodding cr

seeding. This finsl step in construction is not completed until after the
paving is done and the site becomes operational.

The Cost Estimate

Much of the calculstion necessary for determining cost has already bveen done
in the time estimate. Quantities of work have been estimeted and variations
from the norm taken into sccount in order to fix the time required for each
category of activity. All thet remsins 1s to arrive at adjustments for the
standard costs per unit and make the arithmetical extensions.

From pest estimates, whieh have proved to be quite close, 120,000 rubles per
kilometer is mssigned as the cost of grading and paving the access rosds.

Clearing snd grubbing hes e wide range of c¢osts, depending on methods ané
equipment used and the type and density of forest. 1In this ares it has been
found to run nearly 700 rubles per hectare, counting “in the cost of clearing

acoe8s roads.

..9..
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Comgén (earth) excavation, usually & comtimation of truck-and-power-shovel
method and tractor-scraper method, averages about 40 rubles per hundred cublc
meters. COlasaified (rock) excavation, which usually costs about two and & half
times a8 much,vwss probebly unnecessary here. Trench and foundation excavation,
which must be done by bend and 1s three to four times ag expensive as machine
excavation, 18 included in the unit cost of bulldings.

For bullding comstruction it is impossible, uniesa a set of detailed plans
is at bhand, to figure every plece of meterial and every unit of labor required.
But experiente has shown 1t possible to estimmte quite accurately by square meter
of floor ares for s perticular type of structure; once the cost per square seter
has been worked out it is used for all structures of the same type. Here the
unit coste that have teen earefully worked out and checked for the prototype
structures at test range are used.

leunch pad unit costs are similarly taken from those at the test range. The
normal learniné—curve allowance for experience gained in building the prototype
is not granted for this project because it is probebly the first one carried out
by ite crew. The experience factor would te sn important consideration. however,
in the costing of a whole missile site construction progran.

Backfill snd compaction can vary in cost sonsiderably sccording to what per-
centage can be done by mechine and what has to be done bty hand labor. By and
large the unit cost runs about o5% gremter than for excavation.

Finish grading, which can be very expensive if & gresat effort is made to
"gress up” the project, is usually costed as a lump sum. Here, however, it gan
be figured on an Ares bazis, the cost per hectare on sites of this type averag-

ing 350 rubles to give about 50,000 rubles for the 140 hectares.

~10-
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. Ttem Unit Quantity Unit Cost Totel Cost
(Rubles) {Rubles)
Access Roads K 25 120,000 3,000,000
Clearing & Grubbing Hectare 140 630 97,000
Bxcavation & Drainmge Cubic Meter 500,000 0.40 260,000
Building Construction
Bunkers Each 4 55,000 220,000
Miegsile Bulldings Each 8 LD, 000 320,000
Ancillary Builldings Lump Sum 120,000
Iaunch Pads Each 8 85,000 680,000
Packfill & Embankment Cubiec Meter 150,000 0.50 75,000
Finish Grading Lump Sum 50,000
Total Direct Cost k,762,000
Overhead (20%) 952,000
Total Cost 5,T1L,000

Figure 2. Costs.

These unit costs, the result of much more detailed computetion then can te
indicated here, are then multiplied out and the results totaled es shown in
Figure 2. To this total of direct costs it is necessary to add 20 percent for
overhead -- on-site engineering, move-iln 8nd move-ocut expense, and administrative
costs like salaries of supervising engineers and bookkeeping charges. Overhead
costs thue amount to 17% of the grand total.

What is the range of erver in this estimate? In the United States bide for
construction jobs may range 20% sbove or below the engineer's estimate, that pre-
psred by the designer and his staff prior to advertising for bids. A low figure
reflects the coniractor's conviction that he has found shoricuts for doing the
Jot. {(An interesting sidelight is the famct that about 2,700 U.S. contractors
go bankrupt each year because they were low bidders and their shortecuis weren’t
shortecuts after sll.) The intelligence estimator, however, is not trying to

make & low bid, but the equivalent of en engineer's estimate of reasomable average

1T
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cost. In a country which lacks most of the elements of ecompetitive bhidding
among construction orgenizations, a figure Iin the low-bid range would not nor-
mally represent actusl costa. On the other hand, there is no reason to suppose
with respect to an individusl project that e figure in the high-bid range is the
best approximaticn.

Nevertheless, Scoviet construction orgenizations do vary considerably in
experlence and effilciency, and the effect of this variation on tosts, although
extremely diffieult to quantify, should be Xept in mind as one moves from static
congiderations to dynamiec and from microeconomics to macrceconomies. If & pro-
gram of missile site construction 1s judged to be of moderate size relative to
the number and capabilities of experienced construction organizatione and per-
sonnel that can be called upon, the cost per:eite, in generesl, is likely to ted
toward the low-bid ramge. But if such & program seems massive enough to reguire,
a8 it gathers steam, the employment of more mnd more construction orgenizetions
of less and less experience, the cost per site should settle in the high-bid range.
In many estimmtes of the construction costs for new weapon systems we cannct ex-

pect to keep uncertainty within the plus-or-minus 20% of U.S. practice.
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